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SU~il .1ARY

Mi r~~ t l  ~~c t ran ic 1o~i(l so l C rab  i i i  t y  t e s t  a c c e p t a n c e  c r i t e r i a  ar s u b je c t —

I V I  and are  has i ti on su r  f a c t  a r e a  w e t t e d  d u r i n g  t e s t .  The i n s p e c t  ion b r
s u r f a c e  we lt  ing is  d e p e n d e n t  on t h e  r a i d  f o r  c o n t  i n u a l  t r a i n i n g  or r e t r a i n -
ing . Because industry has enco untered prob lems wi th o b j ec t  ive measurement o f
lead so l tit ra b i l i t y  accep tance  or d e t e r i o r a t i o n , a stud y of  t he  C u r r e n t

~~~~~~~~~~ IA Method 20(13 - 1 was under taken.

Laboratory  expe r iments were  used to stud y the cur rent  m e t h o d  as compared
to  the Men iscograp h method and the hot iron method . The Men isco ~ rap h method
supp lies ob jec t  ive c r i t e r i a  for accep tance and the hot iron method is de-
s ign e d as an ‘ on the spo t ’ so lde r a b i l i t y  t e s t  procedure .

Re s u l t s  of  the expe r imental work show that there is c o r re l a t  ion be t  w t f n
I l L .  cur re nt  I r  it e r i a  and the c r i t e r i a  e s t a b l i s h e d  for the other two t e s t
me thods .  The current steam ag ing environment should be continued . The cx—
pe r tL l e nt s  d id not show a s ign i f i can t  d i f f e r e n c e  between lead base m a t e r i a l s
wh en prepared per MI L—M— 385 10C .

Furth er stud y is required to de f ine  an a c c e l e ra t e d  ag ing environment
equ iva lent to i rdust r ia l  condi t  ions. Addit i o n a l  work should be done to
tbt l ine a c c e p t a n c e  c r i te r ia  for s o l d e r a b i l i t y  accep tance  when other than ‘ R ’
t v p t  f lux i s  used .
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inclusion in that document as alternative test methods to the 883A

test method . Action on including these methods will be taken at the

9—12 May coordination meeting on MIL—STD—383A. The PA was also notified

tha t  the  exis t ing test  method 2003.1 was evaluated and is acceptable as

p esently written .
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SECTION I

INTRODUCTION

Ol3JI (TIV1~S

The purpose of this stud y was to review and update the existing Method
2003.1 , Solderability, of MIL—STD— 883A , Test Methods and Procedures for
M icroelectronics , as well as to investi gate the Meniscus Force Solderab ility
Test Method and the Hot Iron Solderability Test Method , for possible inclu-
sion in MIL—STD—883A. (Copies of these three test methods are included in
Appendices A , B and C of this report.) Investi gation of steam and other ac-
celerated ag ing environments , and investi gati on of lead finishes , size s an d
base materials of MIL—M— 3851OC were also part of the stud y.

B C KG ROUN D

A s u b j e c t i v e  v i s u a l  i n s p e c t i o n  is a p a r t  of t he  c u r r e n t  p rocedure  for
solderabi lity testing of microelectronic package leads. This inspection
in cludes observations for “at least 95 percent coverage by a continuous new
solder coating ” and “verifica tion that pinholes or voids are not concen-
trated in one area and do not exceed 5 percent of the total area.” In cases
of dispute , the percentage of coverage with pinholes or voids is to be deter-
mined by actua l measurement of these areas , as compared to the total area
tested .

The visua l inspections required in this method have been known to cause
a need for continual training or retraining cycles at both supp lier and user
facilities.

The solderabi lity tests are generall y app lied immediatel y after surface
preparation at a producing facility or upon receipt after purchase . Solder—
ability testing is usuall y fo l l o w ed b y storage periods of different lengths.
Environments during storage may or may not deteriorate the surface to be
so lde red . The amount  of d e t e r i o r a t i o n  may v a r y  d e p e n d i n g  on the  s u r f a c e
p r ep a r a t  i o n .

The surface preparations covered in M IL—M—38 51OC include hot solder di p
(HSD) over nicke l, brig h t ac id tin (BAT) or gold ; bri ght acid tin; bright
ac id tin over nicke l or copper; gold; gold over nicke l or copper. Surface
preparation thickn esses from M IL—M—385 10C are listed in Table 1 .

4. .. —
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TABLE 1. SPECIFIEI ) SURFACE PREPARATION THICKNESS

Micro inc lies

Ho t Solder Di p 200 (minimum )

B r i g h t  Ac id T i n  100 to 400

Gold 50 to  225

N i c k e l u n d e r  Hot So lder  Di p 100 to 200

N i c k e l  or Copper unde r  B r i g h t
A c i d  Tin  or under  Gold 10 to 100

These variations in surface protection for solderabi lity h ave , at t ime s ,
rt sul t ed in dissatisfaction with the current solderability test method along
with the accelerated ag ing environment included therein.

S 1t DY 1~I \ N

The stud y described in this report involved the following tasks:

• Acquisition of sam p les of microelectronic packages with the base
material and surface preparation covered in MIL—M— 385l0C.

• Preparation of some of the base material acquired , to each of the
,urface treatments covered in MIL—M—38510C.

• I)t term ination of the app licabilit y of the current Method 2003.1 as
compared to other methods.

• Determination of the “Meniscus Force” test compatibility with the
current Method 2003.1.

• Determination of the “hot iron ” test compatibility with the current
Method 2003.1.

• Determination of aging environment effects on solderabi lity of
microcircuit leads.

The stud y inv olved se t tin ~, ri p p lating baths for each of the surlace prep-
arations included in MIL—M—3 8510C , in addition to obtainin g devices with ven-
dor standard surface preparation . This was accom p lished for both lead base
materials inc l uded in M IL—M—38 510C , an iron—ni cke l —cobalt alloy and an iron—
nicke l alloy. 

- - -: - .  ~ ~‘-~ . - -.



~ I - ( ’ T I O N  2

MATER I A l ~ A (QI I ELI) FOR TIlE ~TUUY

All devices acquired were of the MIL—M—385 l0C case outline F—2 type
(14—l ead , 1/4 ” x 3/8”). Also acquired was sheet material from which lead
frames are stamped or chemicall y milled . Figure 1 shows the variety of
materials acquired and prepared in the laborator y at General Electric .
Fe—Ni—Co base packages were acquired from V’~ndor No. 1 , with lead sur face
preparation standard in the vendor ’s facility. These were p lated with
bri ght ac id tin or gold. The cross—section and polish techni que at GE did
not reveal a presence of undercoating on these devices. Packages wh ich had
no sur face preparation on the lead s were also obtained from Vendor No. 1 .
Packages of Fe—Ni—Co base material which had brig ht acid tin surface prepar-
ation are acquired from Vendor No. 2. No undercoatin g was observed on these
leads when cross—sectioned and po lished .

Packages were acquired from Vendor No. 3 with Fe—Ni base material , pre-
pared with their standard treatments —— brigh t ac id tin , gold and bri ght
ac id  t i n  f o l l o w e d b y hot  so lder  di p .  No u n d e r c o a t i n g s were observed when
the leads were cross—sectioned and polished . In addition , packages with no
sur f ace  p r e p a r a t i o n  on the  F e — N i  base m a t e r i a l  were a c q u i r e d  from Vendor
No. 3.

The packages  from Vendor No. 1 and Ve ndor No. 3 w i t h  no s u r f a c e  p repara -
t ion underwent surface preparation in the laboratory at GE , as described in
Section 3.

A l l  s p e c i m e n  type s , t h o s e  p r e p a r e d  and t r e a t e d  b y the  v e n d o r s , and those
subsequentl y treated in the laboratory at GE underwent initial solder ahili tc
testing , prior to being exposed to an ag ing environment , for comparison with
results after aging , as discussed in Sections 7 and 8.

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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NI- LI I ON 3

LABORAT o RY SUE FA ( i :  ‘1 R I - A I M l I  N I

The p a c k a g e s  w i t h  no sur f a c e  p r e p a r a t i o n , a c q u i r e d  f r o m  V e n d o r s  N o .  1
and 3 , underwent surface preparation in t h e  l a b o r a t o ry  a t  GE to  t h e  e n t i r -
list of allowable sur faces as shown in Figure 1 .

rable 2 shows the lead sur la ce preparation thicknesses as measured aft e r
c r o s s — s e c t i o n i n g  and p o l i s h i n g  u s i n g  l i g h t m i c r o s c o p e  t e c h n i q u e s .  A l l  v a l  l i e s
shown a r e  ~n microinches.

The gold  used was 99.9-~ pur i t y whether acquired or app lied in the labora-
tory.

The lead frames in packages acquired from Vendor No. I we r e f o rmed b y
chemical milling; those from Vendors No . 2 and 3 were  f o r m e d  b y a s t a m p i n g
operat ion.

Base m a terial from each of tile vendors was analyzed to ascertain that it
was o f t h e  a l l o y  o r d e r e d .

The nick el deposition was performed by an electroless procedure ; all
ot h e r  c o a t i n g s  were e l e c t r o d e p o s i t e d .

As noted previousl y in Section 2 , the packages  with surfaces prepared in
ti l e laboratory at GE were subjected to initial solderabi lity testing , prior
t i  exposure to the ag ing environment.

5
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TABLE 2 .  ME AS URE1 ) SURFACE P R E P A R A T I O N  T H I C K N E S S E S

S u r f a c e  Th i c k n e s s
Surface Material (microinches)

Vendor Ni l . 1 Prepared Surface — Fe—Ni—Co Base
Bri 1- hi t Ac id Tin 200
Col d 50

Vendor No. 2 Prepared Surface — Fe—Ni—Co Base
Bright Ac id Tin 

. 

150

Vendor No. 3 Prepared Surface — Fe —Ni  Base
Bri ght Ac id Tin 200
Gold 50
Bright Ac id Tin/Ho t Solder Di p 200/2 00

GE Laboratory Prepared Surface — F e — N i — C o  Base
Nic kel/Ho t Solder Dip 20/*
Nicke l/Br ight Ac id Tin 10/100
Nicke l/Go ld 10/50
Copper/ B right Ac id Tin Flash/200
Copper/ Go ld  30/50
Gold 50
Gold/Ho t Solder Dip 50/200
Bri gh t  Ac id Tin 130
Br i g h t  Ac id T i n / H o t So lde r  Di p 130/200

GE Laboratory Prepared Surface — Fe—Ni Base
N i c k e l / H o t S o l d e r  Di p 207*
Nick el/Bri ght Acid Tin 10/100
Nic ke l/Gold 10/50
Copper/Brigh t Ac id Tin Flash/200
Cop per / G o l d  30/50
Gold 50
Gold/Hot Solder Di p 50/200
Bright Ac id Tin 130
Bright Acid Tin/Ho t Solder Di p 130/200

*Would not accept solder.

€
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(URRENT SOLDERAB I I. FLY ‘I EST \ IETI I O I )  2003 .  1

The current Method 2003.1 (Appendix A ) prov ides t h e  n eces sa r y i n f o r-
mation on surface solderabi lity but it does not prov ide the necessary
information on wetting speed or wetting forces. Assuming that a surface
meets the minimum rquirements of the current method after the five second
immersion period , it is intuitive l y assumed that the surface should be used
imm ed ia t el y in its end app lication since any degradation would make its ap-
p lication unusable. Present day use of automated or semi—automated assembl y
techni ques requires information about the wetting speed and the wetting
torce on a part lead . These characteristics show that the surface wets with-
in the application t ime limits , and that the wetting force is positive .

For this investi gation devices which were prepared in accordance with
MIL—M— 38510C were subjected to the test conditions of MIL—STD—883A by use of
the “Me n isc us For ce~ test method . The test surfaces were inspected to the
vi sual requirements of MIL—STD—883A.

The Meniscus Force test method is discussed in the next section.

7
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SECTI ON 5

MEN I S U L S FORCE TEST METHOD

The Menisc us Force test method (Appendix B) used in this stud y utilized
the G.E.C. Meniscograph produced by the General Elec tr ic Compan y Limited o f
Wembl y, Eng land . The Meniscograp h incorporates a pair of cantilever spring s
to support the test specimen. An armature of a l inear variable differential
transforme r is mounted between the springs. The output of the armature/
transformer is a positive or negative direct current s ignal proportional to
the forces acting on the test piece. This signal is fed to an amp l i f ier/
chart recorder.

In operation , a temperature controlled solder bath is raised to a preset
immersion depth of the test piece into the solder bath. The speed of solder
bath movement is also preset. At the conclusion of the selected test
pe r iod , the so lde r ba th is lowered . A simulated recording of wetting force
versus t ime is shown in Figure 2. Those areas of the force curve which are
of concern in determining solderabi lity are noted in the figure.

The first portion , negative trace , is ca used by the rejection of solder
by the test piece. The t ime period of the negative trace is determined b y
the flux ac t ivation and t ime for the test piece to come to soldering temper-
ature . The test leads used in this stud y should come to solder tem perature
in less than 0.0002 second . The initial wetting speed of the test specimen
is measured by the t ime elapsed to T1. At T1 the men Lscus is approximatel y
at 90° to the test specimen and at zero balance on the wetting force , i.e.,
armature/transformer direct current signal  “0” . The final wetting speed of
the test specimen is measure d by the elapsed t ime to the point T1DC , where
maximum wetting force is achieved . The T)DC and 5 DC points are a measure
of the stability of the max imum wetting fi rce from the t ime initiall y
achieved to test termination.

The end use of the device under test is most depe ndent on the t ime to
T1. This t ime must not be delayed to the point where the maximum wetting
force cannot be achieved during the t ime to solder. Most assembl y opera—
tions require that t ime to solder be limited to a maximum of six seconds;
this is depe ndent on the heat sinking prov ided to protect devices. Samp le
devices which exhibit a short wetting t ime to T1 indicate that the lot sam-
pled has the ability to be assembled at a more rap id rate than those lots
which exhibit a longer t ime to T1. This wetting speed can be reduced b y
subsequent handling and forming operations pr ior to assemb l y.

8
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All devic es tested during this stud y were tested by use of the Menis—
cograp h. Each device wetting speed and wetting force was recorded . Data
from each group of device recording s was obtained via the scale shown in
Figure 2. The data was anal yzed and is presented in Section 8, Tabl e 3 .
Table 3 also inc l udes the results of the visual inspection specified in
MIL—STD— 883A.

Figures 3 and 4 illustrate typical Meniscograp h recorded results on
sam p les from accep table and rejec table lot s. Figure 3 demonstrates that the
t ime to zero balance is equal to or less than 0.4 second and that at one
second all devices exceed 350 d ynes per centimer. In Figure 4, an extreme
variety of force curves is shown , none of which demonstrates good solder i—
bil ity .
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S1-A” l ’ I ON 6

BUT I RON TEST ME T II OI )

The hot iron solderability test method (Appendix C) is designed as an on
the spot  t e s t .  The t e s t  is i n t e n d e d  to be used when appraising material at
any spo t in the acquisition or app licatio n cycle.

The hot iron test procedure emp loys a temperature controlled soldering
iron set at 343°C. The t e s t  is i n t e n d e d  to be used onl y on t i n n e d  p a r t
leads. After flux app li cation , the soldering iron ti p is moved along the
ed ges and s u r f a c e s  of a lead while observing solder flow with 10 to 15 X
s t e r e o  Macroscope . The t ime of s o l d e r i n g  iron app l i c a t i o n  s h o u l d  be limited
to  s ix second s max imum . A smooth flow of solder indicates good solderabil—
ity ; slugg ish or puddled solder or dewetting indicate poor solderability.
P a r t s  f r o m  each of the  g roups  of  d e v i c e s  t e s t ed  in t h i s  s tud y w e r e  s u b j e c t e d
to the hot iron test. The results are listed in Section 8, Tab l e  3 along
with other results.
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SECTION 7

EFFECTS OF A G I N G  E N V I R O N M E N T

Stud y effort was expe nded on reviewing the effects ot the ag ing environ—
S

ment included in MIL—STD—883A. Some additional effort was app lied to the de—
vel pment of other aging environments. The environments used in this stud y
were steam [or one hour ; 95 percent humidity at 95° Centigrade ; and a 20
minute exposure in the atmosphere above a 6% solution of ammonium pol ysul—
fide and water at room temperature.

The ammonium pol ysulfide atmosp here was used to compare solderability re-
sults with those results obtained from aging in a stock room atmosphere at
the plant. Other devices were subjected to the steam , 95% RH/95 °C , and the
stock room atmosphere.

All devices were tested on the Meniscograp h adjusted to MIL—STD--883A con-
ditions , and then inspected to the criteria of MIL—STD—883A.
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SE ( ’T I ON  K

STUDY ‘lI-:sl;LTS

The summary of stud y results is listed in Table 3. There were 49 groups
of devices tested . Both sets of device lead s were tested in all test
groups. The matrix of base material , surface preparation on lead s and test
environment is shown in Figure 5. All devices were subjected to Test Method
2003.1 on the Meniscograp h , and visuall y inspect ed to Method 2003.1; samples
were subjected to the hot iron test.

For comparison , Table 4 shows the results of the initial solderabi lity
test s , which were per formed prior to subjecting specimens to the ag ing en-
vironment. All groups , ex cep t No . 1 , 10 , 19 and 28 met the acceptance
criteria initiall y. (These criteria are discussed later in this section.)
These four groups were those prepared with electroless nicke l and an attempt
was made to hot solder di p them using “R” type flux .

Devices tested were all of one MIL—M—385l0C outline . Figure 6 shows the
relationshi p of test surface circumference (at the meniscus) to d ynes per
centimeter force , measured by the Meniscograp h on clean Fe—Ni—Co using
Tinners flux . The data was acquired at the five second point on the force
Curves.

The points on the force curve in F i g u r e  2 , w h i c h  a re  u s a b l e  to e v a l u a t e
solderabi lity are :

1. T1 — or t ime to zero balance.

2. T2 — or t ime to achieve maximum menis cus force in d ynes per
centimeter.

3. T~ DC — or max imum meniscus force in d ynes per centimeter at the
t ime maximum is first achieved .

4. 1 DC — or meniscus force in dynes per centimeter at the one second
test t ime .

5. 5 DC — or meniscus force in d ynes per centimeter at the  f i v e  second
t e s t  t ime .

Data was acquired f r o m  each  g r o u p  of dev ice  fo rce  cu r v e s  and ana l yzed
for  t h e  p u r p o s e  of c o m p a r i s o n  to t h e  v i s u a l  i n s p e c t i o n  of  Method  2 0 0 3 . 1  and
t h e  hot  i r o n  t e s t  r e s u l t s .

15
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TABLE 4. INITIAL (ZERO TIME) TEST RESULTS

Groups T1 12 T2DC 1DC 5DC 883A ELI,

I and 19 Mean >5 .>5 —216 —216 —216 Fail Fail

2 and 20 Mean .15 ‘C5 675 459 675 Pass Pass
C 3 and 21 Mean .275 >5 737 378 737 Pass Pass

4 and 22 Mean .275 3.0 600 405 570 Pass Pass

5 and 23 Mean .225 3.75 540 351 540 Pass Pass

6 and 24 Mean .1 — 595 392 595 Pass Pass

7 and 25 Mean .35 4.0 625 351 635 Pass Pass

8 .md 26 Mean .325 3.5 590 350 600 Pass Pass

9 and 27 Mean .3 4.0 652 395 650 Pass Pass

10 and 28 Mean >5 >5 —216 —216 —216 Fail Fail

11 and 29 Mean .275 ‘5 >800 500 >800 Pass Pass

12 and 30 Mean .2 >5 604 337 .5 604 Pass Pass

13 and 31 Mean .25 4.0 590 375 590 Pass Pass

14 and 32 Mean .2 3.0 600 444 592 Pass Pass

15 and 33 Mean .15 >5 697 430 697 Pass Pass

16 and 34 Mean .275 4.0 702 399 702 Pass Pass

17 and 35 Mean .3 4.0 609 380 609 Pass Pass

18 and 36 Mean .4 ~5 621 351 621 Pass Pass

37 and 42 Mean .4 4.5 759 418 759 Pass Pass

38 and 43 Mean .2 4.0 540 324 540 Pass Pass

39 and 44 Mean .15 >5 791 459 791 Pass Pass

40 and 45 Mean .3 3.5 670 351 662 Pass Pass

41 and 46 Mean .1 4.0 673 553 673 Pass Pass

47 and 48 J Mean .33 3.5 757 373 >800 Pass Pass
and 49 lS td Dev .118 0 61.4 88.1 44.1
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Figure 7 shows the distributions of average TI and average 1 DC value s
from Table 3. These distributions , when compared to the acceptance—
rejection crit eria of Method 2003.1 , result in establishing Meniscograp h
accep tance—re jec t i on  c r i t e r i a  whi ch are compat ib le .  The limits e s t a b l i s h e d
for acceptance are 0,59 second s or less to zero balance and 300 d ynes per
cent imeter force or more at the one second tes t  point. These l imits app ly
when us ing “R” f lux for so lderab i l i ty  test ing . The c i rc led po ints on the
d istr ibut ions are those which showed lack of agreement between the Menisco—
graph limits and visua l inspection. A visual review of the subject  groups
resu l ted in a determination that the accep tance/ re j ec t i on  was sub jec t ive  and
inspector dependent .

A var iance rat io tes t  (F t e s t )  was performed to determine if a d i f f e r-
ence existed in test results between Fe—Ni—Co and Fe—Ni base material. The
average value s of 11 from Table 3 were used f - r the F test. The result
shows that no difference exists between the two materials when prepared and
tested as was done in this stud y.

Figures 8, 9, 10 and 11 show p lots , on probability paper , of cumulative
f requency d istr ibutions for 11 (T ime to Zero Ba lance) .  The four figures
comp are Vendor No . 2 br ight ac id tin prepared device leads at —0— t ime
(be fore exposure to aging environment) and after exposure to three
env ironments as noted on the f igures.

The slope s of Figures 8 and 9 are very nearl y identical , but T1 has in-
creased by about 0.2 seconds. This indicates that the distribution charac-
teri stic s ~~re not disturbed by one hour exposure to steam , and that all
devices exposed de teriora ted in sold erabili t y by a nea r l y equal amount,
When comparing Figure 8 with Figures 10 and 11 , the same statements cannot
be made. These comparisons show that the distribution characteristics have
changed and that all devices tested did not deteriorate by an equal amount.
The deterioration caused by the arnmonium pol ysulfide atmosphere was more
severe and apparent ly that atmosp here was a dest ruct ive environment for
so lderable sur faces .  Although initial sample tests with a 6% ammonium
pol ysu lf ide atmosp here had showe d prom ise , this was not the case with larger
sam ple test ing .
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SECTION 9

CONCLUS T O N S

1. The Meniscograp h t e s t  method resu l t s  co r re la te  with acceptance
cr i t e r i a  cur ren t l y in MI L—STD—883A , Method 2 0 0 3 . 1  for micro-
electronic package leads. It is recommended that this method ,
included in Appendix B , be included in MIL—STD—883A , Solderability
Test ing -

2. The hot iron tes t  method resu l ts  co r re la te  with acceptance c r i te r ia
current ly in MIL—STD — 883A , Method 2003 , 1  for microelectronic
package leads.  It is recommended that this method , wr i t ten in
Append ix C , be included in MIL—STD—883A , Solderabi l i ty  Test ing .

3. The steam aging environment currentl y in M1L— STD—883 A , Method
2003 .1 produces a more un i form device lead deterioration than other
environments tested in this stud y. No ev idence was found during
this stud y to recommend a change in the current aging procedure .

4. Comparison test results showed that no difference existed between
the Fe—Ni—Co and Fe—Ni base materials used in this stud y.

5. Stud y resu l ts  show that a 6% ammonium pol ysulfide atmosp here is
d e s t r u c t i v e  to solderable sur faces when app lied for 20 m inu tes  a t
room temperature.
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S I ’ ( T I O N  10

H1’~(’OMMENO ~\TION~-$

1 . An accelerated aging environment should be developed wh ich more
nearl y equals current microelectronic device handling and storage
conditions.

2. MIL—STD—883A acceptance crit eria need to be established for C - th _ c ’r
than I I

R
U type flux .

3. The effect of steam aging environment should be further s t u di - CI - n
hot sold er di p, gold and other types of surface preparat ion.

4. Consideration should be given to changing the purpose of Method
2003.1 toward the testin g of onl y microcircuits by elimination of
lugs , tabs , etc .
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NOTE

Method 2003.1 (Appendix A) , the Meniscograp h Solderabi l ity
Te st Me thod (A ppend ix B) and the 1103-, Iron Sold erability Test
Met hod (Append ix C) are intended as full y equ ivalent tes t
procedures and may be used a l ternat ive ly in com p liance wi th
MIL—STD—883A for solderability testing of microelectronic
dev ices.
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A PI1LNO1X A

METHOD 2003 . I * ~Ol D1- RAB1 LI TY

1 . PURPOSE. The purpose of this test method to determine the solder—
ability of all so l id and stranded wires up to 1/8 inch thickness , r ibbon
lead s up to 0.050 inches in width and up to 0.025 inches in thickness , and
logs , tabs , hook lead s, turrets , etc., which a n - normall y joi nted by a sol—
lering operation. This determination is made on the basis of the ability of
these terminations to be wetted or coated by solder , or to form a suitable
fillet when di p soldered . These procedures will verif y that the treatment
used in the manufacturing process to facilitate soldering is satisfactory
and that it has been app lied to the required portion of the part which is
d e s i gned to accommodate a solder connection. An accelerated aging test is
inc l uded in this test method which simulates a minimum of 6 months natural
aging under a combination of various storage conditions that have different
deleterious effects.

2. APPARATUS.

2.1 Solder pot. A solder pot of su f f i c ien t  size to contain at least
two pounds of solder shall be used . This apparatus shall be capable of main-
taining the solder at the temperature specified in 3.4.

2.2 Di pp ing device. A mechanical di ppi ng device capable of controllin g
the rates of immersion and emersion of the terminations and providing a
dwell t ime (time of total immersion to the required depth) in the solder
ba th as sp e c i f i e d  in 3.4 sha l l  be u sed .

2 .3 Op t ica l  eq u ipment. An optical system having a magnification of ten
d iameters shall be used .

2 .4  Container and cover , A nonmetal l ic container of suf f ic ient  size to
all ow the suspension of the specimens 1— 1/2 inches above the boiling dis-
tilled water shall be used . (A 2 ,000 ml beake r is one size that has been
u sed sa t i s f a c to r i l y for smaller components.) The cover shall be of one or
more stainless steel plate s and shall be capable of covering approximatel y

C 7/8 of the open area of the container so that a more constant temperature
may be obtained . A suitable method of suspend ing the specimens shall be im—

C provised . Perforations or slots in the plates are permitted for this
purpose .

*From MIL—STD— 883A dated 15 November 1974.
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2. 5 M a t e r i a l s .

2.5 .1 Flux . The flux shall con fo rm to  type RMA or R , as app licable , or
MIL—F— 14256 , “Fl ux , Sold ering , Li quid (Rosin Base).”

2.5.2 Solder. The solder shall conform to type 5, com position Sn60 , of

C

’ QQ—S— 571 , “Sold er; Tin Alloy; Lead—Tin Alloy ; and Lead Alloy. ”

3. PROCEDURE. The test procedure shall be pe r formed on the number of
terminations specified in the app licable procurement document. Dur ing
hand ling , care shal l be exerc ised to prevent the sur face to be tes ted from
being abraided or contaminated by grease , persp irants , etc. The test pro-
cedure shall consist of the following operations:

(a) Proper preparation of the specimens (see 3.1), i f  app li cabl e .

( b )  Ag ing o f a l l  spe c ime ns (see 4 .2 ) .

( c ) App lication of flux and immersion of the terminati ons into
molten solder (see 3.3).

(d) Examination and evaluation of the tested portions of the
terminations upon com pletion of the solder—dip process
(see  3 . 5 ) .

3 .1 Preparation of terminations. No wi ping , clea ning , scrap ing , or
abrasive cleaning of the terminations shall be pe r formed . Any special prepa-
ration of the terminations , such as bending or reorientation pr ior to the
test , sh a l l  be spe c i f i e d  in the a pp licable procurement document. If the
insulation on stranded wires must be removed , it shall be done in a manner
so as not to loosen the strands in the wire .

3 .2  A~ ing . Prior to the app lication of the flux and subsequent solder
di ps , all specimens assigned to this test shall be subjected to ag L ng by
exposure of  the sur faces  to be tes ted  to steam in the container spec i f ied
in 2.4. The specimens shall be suspended so that no portion of the specimen
is less than 1—1/2  inches above the boiling d is t i l led water  w i th  the cover
specified in 2.4 in p lace for 60 m in utes , minimum . Means of suspension
sh a l l  be a nonme ta l l i c hold er. If  necess ary , additional hot distilled water
may be gr ad ua l l y added in small quantities so that the water will continue
to boil and the temperature will remain essentiall y constant.

3.3 App lication of flux. Fl ux , type R , shall be used (see 2.5.1).
Te r m i n a t ions sh a l l  be imm ersed in the f l ux , which is at room ambient
temperature , to the minimum depth necessary to cover the surface to be
tested . Unless otherwise specified in the app licable procurement document ,
terminations shall be immersed to within 0.05 inch of the bod y of the part.
The sur face to be tested shall be immersed in the flux for a per iod of from
5 to 10 seconds.
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3.4 Solder di p. The dross and burned flux shall he skimmed from the
surface of the molten solder specified in 2.5.2. The molt en solder shall be
maintained at a un i form temperature of 260°C max (500°F). The s u r f a c . -  o f

the molten solder shall be skimmed again just prior to immersing the ter ini—
n a t i o n s in the s o l d e r .  The part sha l l  be a t t ached  to a dipp ing do’v ice
(see 2 . 2 )  and the f lux—covered  terminat ions immersed once in the molten
solder to the same depth specified in 3.3. The immers ion  and e n ie r s i o n  r a t e s
shall be 1 ± 1/4 inch per second and the dwell t ime in the solder bath shall
be 5 ± 1/2 second s , unless otherwise specified . After ti_ ce dipp ing process ,
the part shall be allowed to cool in air. Re s idue flux shall be removed
from the terminations by sequential rinses in perch loreth y l*-n&- and isopropy l
alcohol. If necessary, a soft damp cloth moistened with clean 91 percent
isopropy l alcohol shall be used to remove all remaining flux .

3.5 Examination of terminations. After each dip—coated termination has
been thoroug h l y cleane d of flux , the 1—inch portion of the dipped lead near-
est the component , or the whole lead if less than 1 inch , or the fillet area
(whichever is app licable) , shall be examined using 10 powe r magnification
(see 2.3).

3.5.1 Evaluation of solid wire terminations 0.045 inch or less in
diameter , stranded wire No. 18 AWC or smaller and ribbon lead s. The
criteria for acceptable solderabi lity during the evaluation of the termina—
t ions are :

(a) That the termination is at least 95 percent covered by a
co nt in uous new solder coa t ing .

(b) That pinhol os or vo id s are not concentrated in one area and do
not exceed 5 percent of the total area.

The area of the sur face to be tested as specified in 3.5 shall be examined ;
if any view of the tested surface shows less than 95 percent coverage , the
entire lot shall be rejected . In the case of dispute , the pe rce nt age of
coverage with p inholes or voids shall be determined by the actual measure-
ment of these areas , as compared to the total area.

3.5.2 Evaluation of lugs, tabs, stranded wire greater than No. 18 AWG
sizes and solid wire greater than 0.045 inch diameter. The criteria for
acceptable solderabi lity during evaluation of the terminations and wires
are :

(a) That 95 percent of the total length of t’ill et , which is
between the termination and a connection made to it which
typ ifi es the normal connection configurat ion , be tangent to
the surface of the termination being tested and be tree from
p inholes , vo ids , etc.
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(b) That a ragged or interrupted line at the point of tangency
between the fillet and the termination under test shall be
considered a defect and included in (a) above .

In case of dispute , the percent of fillet—length with defects shall be
determined by actual measurement.

4. SUMMARY. The following details must be specified in the app l ic able
procurement document:

(a) The number of terminations of each part to be tested (sec 3).

( b )  Specia l  preparat ion of the terminations , i f  app l i c a b l e  ( see
3.1).

(c) Depth of immersion if other than 0.05 inch (see 3.3).

( d )  Solder  di p (see 3.4).

(e) Examination of terminations (see 3.5).

( f )  Me~asurements after test , where app l i c a b l e .

(g) Solder composition , f l ux , and temperature if other than those
specifi ed.

C (h) Number of cyc les , if other than one . Where more than one
cycle is specified to test the resistance of the device to
heat as encountered in multi p le so lde r i ngs , the examinations
and measurements required shall be made at the end of the
f ir st  cyc le  and again at the end of the to ta l  number of cyc l es
app lied . Failure of the device on any examination and measure-
ment at either the one—cycle or the end point shall constitute
fa ilure to meet this requirement.
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APPENDIX B

MENISCOGRAPH SOLDERABILITY
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APPI- :NO IX 13

MEN 1 SCOGRAPH SOLDERAB 11 , 1 TY

1. PURPOSE. The purpose of this tes t  method is to determine the so lder—
abi l i ty of all ribbon leads up to 0.050 inches in width and up to 0.025
inches in thickness which are normall y j o ined by a soldering operation and
used on microelectronic devices. This determination is made on the bas is  o f
the wetting t ime and wetting force curve produced by the specimen while
under test.

These proc ess e s will verif y that the treatment used in the manufacturing
proce ss to facilitate soldering is satisfactory and that it has been app l ied
to the required portion of the part whic h is designated to accommodate a sol-
der connection.

2. APPARATUS.

2 .1  Solder meniscus force measuring dev ice (Meniscograp h) . A so lder
meniscus fo rce meas ur ing dev ice (Meniscograp h) which includes a temperature—
contro lled solder pot containing approximatel y 750 grams of so lder shall be
used . This apparatus shall be capable of maintaining the solder at the
temperature specified in 3.4. The Meniscograph apparatus also includes a
stri p chart recorder which records the force curve for the device t e s t e d .

2 .2 Dipp ing device. A mechanical di pp ing device is incorpo rated in the
Meniscograph, it is preset to produce an imme rsion and emersio n rate a s
specified in 3.4. The specimen dwell t ime is operator controlled to the
t ime specified in 3.4.

2.3 NA for this Test Method .

2.4 Container and cover. A nonmetallic container of sufficient size to
allow the suspension of the specimens 1—1/2 inches above the boiling di s-
tilled water shall be used . (A 2,000 ml beaker is one size that has been
used sat isfactor i ly for smaller components.) The cover shall be of one or
more stainless steel plates and shall be capable of covering approximately
7/8 of the open area of the container so that a more constant temperature
may be obtained . A suitable method of suspending the specimens shall be
improvised . Perforat ions or slots in the plates are permitted for this
purpose .
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2 5  Materials.

2 . 5~~l Flux . The flux shal l  confo rm to type RMA or R , as app ! i -  a b le , C r  C
M I L— F— 1425 6 , “Flux , So ldering , Liqu id (Rosin B a s e ) . ”

2 . 5 . 2  Solder. The solder shall conform to type S , c o m p o s i t i o n  nhh , o f

QQ —S— 5 7 1 , “So lder;  Tin A l loy ;  Le ad—Tin A l loy ;  and Lead A l lo y . ”

3. PROCEDURE. The test procedure shall be pe r formed on t h -  number ot
terminations specified in the app licable procurement document. During
hand ling , care  sha ll be exerc ised  to prevent the s u r f a c e  to be t e s t e d  from
being abraided or contaminated b y grea se , persp irants , etc. The test
procedur e shall consist of the following operations:

(a) Proper preparation of the specimens (see 3.1) , i f app l i c a b l e .

(b)  Ag ing of all specimens (see 4 . 2 ) .  C

(c )  Application of flux and immersion of the terminations into
molten so lder (see 3 .3) .

(d) Examination and evaluation of the recordings upon com pletion
of the so lder—di p process (see  3 . 5 ) .

3.1 Preparation of  terminations. No wiping , cleaning , scrap ing , or
abrasive cleaning of the terminations shall be perfo rmed . Any special
preparation of the terminations , such as bending or reorientation prior to
the test , shall be specified in the app licable procurement document .

3.2 Ag ing. Prior to the app l icat ion of the flux and subsequent solder
d i ps , all specimens assigned to this test shall be subjected to aging by
exposure of the surfaces to be tested to steam in the container specified
in 2.4. The spec imens shall be suspended so that no portion of the spe c ime n
is less than 1—1/2 inche s above the boiling distilled water with the cover
spe c i f ied in 2.4 in place for 60 minutes , minimum . Means of suspension
shall be a nonmetallic holder. If necessary, additional hot distilled water
may be gradua ll y added in small quant ities so that the water wil l  continue
to boil and the temperature will remain essentiall y constant.

3.3 App lica tion of flux. Flux , type R , shall be used (see 2.5.1).
Terminations shall be immersed in the flux , which is at room ambient
temperature , to the min imum depth necessary to cover the surface to be
tes ted . Unless otherwise specif ied in the app licable procurement document ,
terminat ions shall be immersed t- ’ 4 mm from end of lead . The surface to be
t e s ted  shall be immersed in the flux for a period of from 5 to 10 seconds.

3.4 Solder di p. The dross and burned flux shall be skimmed from the
surface of the molden solder specif ied in 2 . 5 .2 .  The molten solder shall be
maintained at a un i form temperature of 260° C max ( 500° F) .  The sur face of
the molten solder shall be skimmed again just prior to immersing the termi-
na t ions in the solder. The part shall be attached to a di pp ing device
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see 2.2) and the fi ox—c ove red 1c r_ cu m a t  ions immersed once in the mol ten
solder to the same depth spt- ci I i _ c d  in 3.3. The immersion and et n e rs ion  r a t e s
shall be 1 + 1/4 inch per s_cu u _ c l  and t, he dwell t in_ce in I_ ce so Icier bath sha 1 I
be 5 - ‘-1/2 seconds , unless otherwise spec i fied .

3.5 Evaluation of result ant Meitis co grap h curves iron t o -sting of i _ c _ c _ c o r e —

e l e c t r o n i c  leads. The cri t e r i a  for acceptable s ol d er ab i l itv (luring the
e v a l u a t  ion of  the record ings are:

(a) That tb _ c recorded si gnal t r a c e  c ross  the zero hal anc ’ point i t

or b e f o r e  0 .59 seconds of t es t  t ime .

(b)  That the recorded s ignal t race  c r o s s  the pos i t  ive 300 C I V I l _ c S

per cent imeter men iscus force point at or be fore one second o f
t e s t  t ime .

3.5.1 NA for this test method .

3 . 5 . 2  NA for th is  t e s t  method .

4. SUMMARY. The following details must be .pecitied in tTh _ c- app lic able
procurement document:

(a) The number of terminations of each pa r t  to  be tes t ed (see 3.).

(b)  Spec ial preparat ion of the terminat i _ c _ cs , ii - _ c p _ c’li cable
(see 3.1).

(c )  Dept h of immersion if other than 4 mm ( s e e  i . 3) .

(d )  So lder di p (see 3. 4 ) .

(e )  Eva lua t ion  o f  Men iscograp h c u r v e s  (s _ c - _ c  3.5).

( f )  So lder compos i t ion , f lux , and te mpc ra~~_ c i r _ c ’  i f  0 th _ c r than those
specified .

g)  Number o f  cycles , i f  other than one . Where more th i n one
cy c l e  is spec i f i ed  to test the r e s i s t a n e _ c t  the dev ice to
heat as encountered in mult i ple solder i ng s , t i _ c -,- examinat ions
and measurements requ ired shall be made at the end of the
f i rst  cyc le  and again at the end of the t o t a l  number of c y c l e s
app lied . Failure of the device on any examinat ion and
measurement at either the one—cycle or the end—point shall
c o n s t i t u t e  fa i l u re  to meet  t h i s  r eq u i r e m e n t .
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APPENDIX C

HOT IRON SOLDERABILITY
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APPI-N1) IX C

HOT IRON SOLDERABILITY

I. PURPOSE. The purpose of this test method is to determine the solder—
ability of all ribbon leads up to 0.050 inches in width and up to 0.025
inches in thickness which are normall y j o i n ted by a soldering operation and
used on microelectronic devices. This determination is based on the abilit y
c_ cf the solder on the lead s to f low and to be moved uniform ly. The lead s
selected for this test must be in a tinned condition and normall y require no
additional solder.

2 . APPARATUS.

2.1 Solderi ng iron. A temperature contro lled soldering iron operating
at 650°F wi th a 1/16 inch diameter t ip.

2.2 NA for this test method .

2 .3  Opt ica l equipment, A s tereo Macroscope capable of 10—15 X.

2.4 NA for this test method .

2.5 Materials.

2 . 5 . 1  Flux. The flux shall conform to type RMA or R , as applicable , or
MI L— F—l425 6 , “Fl ux , Solde r ing , Liquid (Rosin Base).”

2.5.2 Solder. The solder shall conform to type S, com posi t ion Sn60, of
QQ—S—57 1 , “Solder; Tin Alloy ; Lead—Tin Alloy ; and Lead Alloy.

3. PROCEDURE. The test procedure shall be performed on the number of
te rminat ions spec i f ied  in the app li cable proc urement document. During
handling , care sha ll be exerc ised to prevent the sur face to be tes ted  from
be ing abraided or contaminated by grease , persp irants , e t c .  The tes t
procedure shall cons is t  of the following operations:

(a)  Proper preparat ion of the specimens ( see 3 . 1 ) , if app l icable.

(b )  App lica t ion of flux (see 3.3).

(c )  Exam ination and evaluation of the tes ted  portions o f the
term inat ions upon comp let ion of  the hot iron process (see
3.5).
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~~. I Prep aration of t o r n _ c i t_ c at ions. No w ip i ng , c l ean ing , s c r a p i ng , or
a b r a s i v e  c lean ing  of  the t _ cr _ c n i r _ c a t  ions shall h o - ~o _c - r  t o _ c r _ c _ c l _ c - _ c l. Any s p o - c i a l
p r ep - _ c r :_ ct i _ c °n 01 t he  ter _ c nina t ions , s_ c _ c ch :05 bend ing or r _ c -or i _ c -nt at ion pr _ c o _ c r  to
the l o s t , si _ call he sp_ c - c iti e d in ti _ c e app ! ica b lo -  p r C o c u r o - m o nt i c c _ c _ c m _ c - n t .  TI _ c o
l o a d s sha ll  be in a t i _ c _ c _ c _ c _ cl _ c _ c _ c l i t  ion p r io r  t o )  t e s t .

3.2 NA for th is  t e s t  metho d .

I . I A l p  l i ca t  ion of flux. Flux , type  R , si _ call iu use _ cl  ( s -  2 . 5 . 1 ) .
T - r _ c n inat i c _ c _ c s  - hal 1 h immersed in the flux , wh ich is at room amb i_ c - n t
temp- - r a t _ c _ c r _ c  , t o  t i _ c _ c- m i n i m u m  depth  n e c e s s a r y  to cover  the sur f a c - - to be
t e s t e d . I n le s s  o t he rw i s _ c -  spec i f led in the app l icable procurement , dora -n o-n t
ter m inat i c _ c _ c s  shal l  be immersed to wi th in 0.05 inch of the bod y of the part.
The surface to h_ c tested shall be immersed in the flux for a period of from
~_c t o _ c  10 second s -

3 .4  Hot 
- 
iron ~~~p 1 icat  ion ,

3 . 4 . 1  The dross and burned f lux shall be wi ped from the su r f ace  of the
so ldering iron s p e c i f i e d  in 2 .1 .  The soldering iron shal l  he maintained at
:_c un i form temp erat_ cire of 650°F.

3 .4 . 2  The solder ing iron tip shal l  be we ll tinned and to ta l ly f ree from
res idual burned flux and d r o s s .

3 . 4 . 3  Holding the prev ious l y f luxed leads in v iew under the mic roscope ,
app ly the heated so ldering iron to the tip of the lead wh ile observing the
so lder  as it becomes li qu id. Wh i l e  the solder is s t i l l  molten on the lead
move t i _ c _ c  iron along o n_ c -  ed ge of the lead toward the f la t pack  body .  Then
br ing the iron ti p onto the lead sur face in v iew  and s lowl y d raw it through
the solder and o f f  the lead t ip.

3.5 Hot iron soldera b ili~~~~~~~~ uat ion

3 . 5 . 1  Non—wet t ing  or d c — w e t t i n g , if  p resen t , usual l y appear rap idl y
upon heating .

3.5.2 TI _ c _ c- molten solder should not appear lumpy or produc e spike s at
the point of removal of the iron ti p.

3 . 5 . 3  When the iron is moved across  the lead sur face , a pe rmanent
part  ing of the s o _ c l o t _ c r should not occur. This is an indicat ion of
de—wett ing .

3 . 5 . 4  Fin a~j1, al l de—wett~~~~ non—wettin~~ slushy , lumpy, sluggish
so lder format ion indicates _poor_solder abi1i ~ y and lead failure.

NH ’l F. : No e st  imate o~~ percent c o v e r a g e  is u s _ c - oi in ti _ c is
test. The device being exam ined must he sold er
t inned pr ior to test ing .
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4. SUMMARY. The following details must be specified in the app licab le
procurement document:

(a) The number of terminations of each part to be tested (see 3.).

( b )  Spec i a l preparation of the terminations , if app l i ca b l e  ( see
3.1).

(c) Depth of immersion if other than 0.05 inch (s_ c-e 3.3).

(d) Hot iron app lication (3.4).

(e) Examination of terminations (see 3.5).

(f) Solder composition , flux , and temperature if other than those
specified .

(g) Number of cycles; one cycle per lead .
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METRIC SYSTEM

BASE UNITS:
Quantity Unit SI Symbol Formula

length metre m
mass kilogram kg -
time sec ond
eke t n_ c urren t ampere - A
t hermod sonam uc temper atu es ke lv i n K
amoun t of sub st anc e mo le mol
luminous int e nsit y cande la c d

SUPPLEMENTARY UNITS:
plane ang le radian red
solid ang le steradian sr

D~~ IV~~ UNITS :

A :elerat ion metre per second squared rn:s
a c t iv i ty  lot a rad ioactive sou rce i d isintegration per second idi s inte g rat ion )/s
angu lar acceleration radian per second squared rad os
angular ve loc ity radian per second rad-~sarea square metre rn
density kilogram per cubic metre kg-rn
elec t ri ( capaci t ance farad F A’s/V
e lectrical condo r ta nce siem ens S A\ ’
electric field strengt h v t _ ci t  per metr e Vm
elec t ric , inductan ce hen ry II V-x A
eke tri o potential difference v olt V WA
eke t i- it resistance ohm V A
electromotive force volt V W°A
energy j ou le I N.m
entropy j ou le per kelv in - J/K
for ce newton N kg.m~s
f requency hertz Hz Icyc lel s
i llum inence lux lx In_c/ rn
luminance candela per squar e metre - - cd/rn
Iurnin ou~ flux lumen Im cd.ar
magnetic fie ld strength ampere per metre A/m
magnetic flux weber Wb V.s
magnetic flux dens ity teak I Wbim
magnetomot ive for ce ampere A
power wait W (is
pressure pasca l Pa N)m
quantity of eke tri ( ity cou lomb C A ’s
quantity of heat joule I N.m
ra diant intensity w att per st eradian W ci
specific hea t jo ule per kilogram-kelvin l/kg .K
str ess pascal Pa N_cm
therma l condu c tivity w att per metre-kelvin WIm.K
v. lri _ c . ity metre per sec ond ms
viscosity,  dynami c pascal-second Pa.s
viscosi ty, kinematic squar e metre per sec ond m’s
vo ltage v olt V W’A
vo lume cubic mnei re rn
wavenumbe r reciproca l metre (wav e I/rn
wor k toule I N.m

SI PREF~~ES:

Multi p lu ation Fact o ra l’ ref l s SI Symbol

1 000 0(1(3 (300 000 00° ‘,~ra
1 000 000 000 10’ gigs C;

1 O00 000~~ 10’ mega M
1 000 It )’ kilo

100 Io~ h.,cIo h
10 10’ ile k.’ da

01 1 0 ’  decl d
001 -- 1 0 2  t-nntl 3:

000 1 10~~ mliii m
0(30(1001 10-” micro

0.000 000 001 1 0 ’  nano n
0.000 00(t(I00 001 C 10~~ pko p

0 000 000 000 000 001 10 ’’ h,mk,
0 (1(X) (100 00000() 1N11 001 - 10- l a at to  a

To be avoided where possible



MISSION

Rome Air Development Center

RAL~ plans and conducts research , exploratory and advanced
development programs in command, control, and communications
(C3) activities , and in the C3 areas of informatioi~ sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, inteUige.nce
data collection and handling, information system technology ,
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainabilit’~ and
compatibility.
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